In this experimental investigation, the mechanical characterization and microstructure study of chicken feather fiber (CFF) and crumb rubber filled epoxy resin hybrid composite has been done. The surface of the fibers was treated with sodium hydroxide to improve the interphase bonding. Chicken feathers were taken in different weight percentages of 1, 3, 5 and 7. A composite was fabricated with epoxy resin using the hand lay-up technique. After conducting various mechanical tests in accordance with the ASTM standards, it was observed that 5 wt% of CFF recorded the optimum results. Hybrid composites were then fabricated with 5 wt% CFF and varying weight percentages of crumb rubber, i.e. 0, 0.5, 1, 1.5, 2 and 2.5. On the basis of mechanical testing conducted on hybrid composite, tensile strength, flexural strength and impact strength showed a significant improvement. The justification of trend was given through the microstructural tests, which were a scanning electron microscopy (SEM) and X-ray diffraction analysis. It was concluded that 1 wt% of crumb rubber with 5 wt% CFF hybrid composites showed the optimum results amongst various combinations. Thus, properties showed significant improvement in the case of hybrid composite as compared to pure fiber-based composite.
Introduction
Composites are materials which are made of two or more different constituent materials so as to obtain a new material with enhanced physical, chemical and mechanical properties and peculiar applications than that of the individual materials alone. There are two phases in composites, one is continuous phase and the other one is discontinuous phase. They are also termed as matrix and reinforcement, respectively.
The matrix can be categorized as metallic, polymeric and ceramic and that of the reinforcing phase as fibrous and non-fibrous (particulates). Polymer matrix composites (PMC) are those composites in which the matrix or continuous phase is polymer. They have lower strength and stiffness than metal and ceramic matrix composites but that can be enhanced by reinforcing other material with the polymer, thus making them the most customarily used matrix. The processing of PMC does not require high pressure and temperature. The polymers are widely classified as thermoset and thermoplastic. The thermosetting polymers cannot be deformed as they retain their shape; on the contrary, thermoplastics can be easily reshaped. They have higher failure strains than thermosets, which leads to high impact strength. The use of thermoplastic composites is limited, as they are constrained by the range of temperature beyond which creep phenomenon comes into action. However, by virtue of recycling demand, thermoplastics are replacing thermosets. Thermosetting polymers have superior thermal stability and lower water absorption. The most common polymers are polyester, epoxy, phenolic, polyamide, polypropylene, etc. Epoxy is a polymerizable thermosetting resin that exhibits high tensile strength, less shrinkage, excellent corrosion resistance, high modulus, low creep, etc. and hence is widely used. The main disadvantage of epoxy is its brittle nature, takes long curing time and reduction of properties in the presence of moisture. Since epoxy has very low fracture energy, various rubbers can be used for improvement of its toughness [1] . Uncured epoxy is usually poor in properties, so to enhance the various properties, curing is done. Hardeners are usually used as the curing agents for epoxy resins, including amines, acids, phenols, by 2%. At 20 weight percentage (wt%) fiber, it was reported that the modulus of elasticity and yield stress increased as the fiber aspect ratio increased. Bullions et al. [12] reported various reinforcements like feather fiber (Ff), recycled news pulp fiber (Nf) and retted Kenaf bast fiber (Kf) were reinforced with the polypropylene matrix. For comparing the effect of different fibers, tensile and 3-point bending tests were conducted. The effect was noticed to be on the order of Pf > Nf > Ff > Kf. The addition of Ff decreased the modulus of the composite. Huda and Yang [13] investigated the mechanical and acoustical properties of composites from ground chicken quill and polypropylene (PP) and compared it with jute-PP composites. It was perceived that quill had better compatibility with PP than with jute. The tensile strength obtained from optimized ground quill composite was less than with pure PP composite, whereas the flexural strength was recorded to be the same. The noise reduction coefficient of quill-PP composite was increased by 71%. Cheng et al. [14] studied the mechanical properties of CFF-reinforced polylactic acid based composites. Variation of CFF was taken from 2 to 10 by wt%. On adding 5 wt% CFF, the stiffness of the composite increased from 3.6 to 4.2 GPa. An increase in the elastic modulus of CFF/PLA composite over that of pure PLA composite was recorded. Tensile strength decreased with an increase in fiber content. Maximum tensile modulus was obtained on adding 5 wt% of CFF. Reddy et al. [15] demonstrated that chicken feathers can be used as matrix with properties similar to that of composites having polypropylene (PP) as matrix and jute fiber as reinforcement, leading to a completely biodegradable composite. A flexural strength of a 50/50 fiber/jute composite was recorded to be 68 MPa while that of a 40/60 PP/Jute composite was 42.7 MPa. It was also concluded that by increasing the fiber percentage, the stiffness was decreased. The modulus of elasticity also showed a decrement at 60 wt% of fiber. Amieva et al. [16] fabricated recycled-polypropylene/quill composites with different wt% of fiber as 5, 10 and 15% using an extruder. Scanning electron microscopy (SEM) revealed that due to its hydrophobic nature, quill showed good dispersion into matrix, making it compatible.
Zhao and Hoa [17] studied the toughening mechanism of epoxy resins with micro/nano particles with various cell models. Pittolo and Burford [18] investigated that recycled CR may be used as a toughening agent for brittle thermoplastics like polystyrene. Mull et al. [19] evaluated fracture resistance of chemically modified crumb rubber asphalt (CMCRA) pavement based on a J-integral concept. The results were compared to crumb rubber asphalt (CRA) and control asphalt pavement. It was found that CMCRA pavement, had the highest residual strength at all notch depths tested. Garcia et al. [20] used waste tire rubber and rice husk with different average size particles as raw materials for obtaining plates by a sintering technique. The effects of several parameters on the sintering process were evaluated, including amount and average size of rice husk particles. The best mechanical properties were obtained by sintering rice husk particles and tire scrap of similar average size. Li and John [21] investigated the impact response and residual strength of CR modified syntactic foams. The introduction of crumb rubber uplifted the initiation energy, flexural capacity, impact tolerance and barriered the propagation of microcracks. Shakhnazarli et al. [22] examined mechanical properties of a bitumen compound modified with secondary polyethylene, polyamide fiber waste with crumb rubber and found that doping of CR into bitumen enhanced the elasticity of the composite. In addition, it enhanced the bonding between the filler and the matrix. The role of the addition of a secondary polyamide was to enhance the strength of the composite. Tang et al. [23] studied the mechanical properties and fracture behavior of an epoxy composite with multiphase rubber particles. The multiphase rubber particles contributed to a significant improvement in the impact resistance of epoxy composite with a decrease in tensile properties. Al-Aqeeli [24] fabricated crumb rubber modified coatings with anti-corrosive properties and invented that with an increase in crumb rubber content, the hardness of the coating was decreased while corrosive resistance increased. Agarwal et al. [25] modified the epoxy resin by adding latex rubber to it and reported an enhancement in their mechanical properties.
The objective of the investigation was to upgrade the performance and properties of an epoxy-based hybrid composite reinforced with CFF and crumb rubber. The main aim was to make use of natural fibers and particulates having superior properties so that they can serve as a competitive alternative reinforcement to the synthetic ones and cease or prevent the cutting of trees or forests by acting as its replacement.
Experimental section

Materials
In the present investigation, the matrix material is an epoxy resin (CY-230), diglycidyl ether of bisphenol A (DGEBA, EPON 828) [26] with properties given in Table 1 . The hardener/curing agent used was HY-951 [26] ; in the amount of 9 wt% was used in the development of the composite [27] . Chemically, it is a diamine (triethylenetetramine (TETA)) that reacts with and opens up the epoxide rings to form a 3D network polymer. Normally, by accumulating the reinforcement to matrix provides a high degree of crystalline perfection to the composite resulting in high strengths. The reinforcement used in this current research is CFF. Feathers obtained from birds are one of the most affordable natural fibers that can be used in fabrication of composite. Distinct variety of chicken feathers i.e. Raising Guinea, White Lagan, Uttara Fowl, Rhode Island Red and Colombian, were obtained from the poultry farm of Govind Ballabh Pant University of Agriculture and Technology, Pantnagar, India. The feathers were chemically processed with sodium hydroxide (NaOH) to eliminate the dust and impurities present on their surface and to improve their surface properties. Post treatment, the feathers were dried at room temperature and then roughly cut by scissor into approximately 5-10 mm of length.
The scientific name of CR is Styrene Butadiene. The crumb rubber used was obtained from mechanical grinding method. This method consists of mechanically breaking down the rubber into small particles using a variety of grinding technique, such as cracker mills, granulators, etc. Feathers were soaked in NaOH solution for about an hour at room temperature for their chemical treatment and were then thoroughly cleansed with water for the proper removal of the chemical [28] .
Methodology
In this present experimentation, fabrication of the composite was done by the wet hand lay-up technique. The mold was prepared using a galvanized iron sheet having the dimensions of 200 mm × 100 mm × 15 mm, which was open from the top. The mold was uncontaminated with the help of acetone and then the releasing agent in the form of silica gel was applied on its surface for easy removal of the composite formed. CFF of different wt% were added in the resin and stirred until thoroughly mixed with the resin. Later, the mixture was kept in an oven maintained at a temperature of 90 ± 10°C for an hour [27] . After an hour, the mixture was removed from the oven and allowed to fall down below 40°C. After the attainment of the required temperature, the hardener was mixed immediately. Due to the introduction of the hardener, an exothermic reaction took place, which boosted the temperature of the mixture a bit and converted it into a viscous one. The mixture was remixed and ultimately the molding box was loaded with it. The box was already coated with silica grease which behaves as a releasing agent for easy demolding of the cast.
As already discussed in the review of literature, chemical treatment shows an intense effect on the properties of the composites by inculcating better adhesion features between fiber and the matrix. The fibers were chemically treated with a NaOH solution for about an hour and subsequently washed with water to eradicate any traces of the chemicals. They were dried for 24 h at room temperature for complete removal of moisture. The improvement achieved with alkaline treatment was the interruption of hydrogen bonding in the network structure, and in turn increased the surface roughness which is an imperative parameter for proper gluing between the fiber and the matrix. The chicken fibers have a large content of keratin present in them which makes their surface very smooth and slippery, so to remove that from its surface, chemical treatment was essential for proper bonding.
Various samples made of CFF and epoxy resin were mechanically tested. The optimized fiber percentage was taken at which maximum enhanced properties were noticed. For making hybrid composite another reinforcement was added so as to inflate the various mechanical properties, which were earlier not achieved with fibers alone. The reinforcement used was crumb rubber, which was in the form of particulate and incorporated in different wt% with the optimized percentage of CFF. The same procedure as pursued in case of CFF composite was later followed for the fabrication of hybrid composite with 5 wt% of CFF and different wt% of CR. Details of the design of experiment is shown in Table 2 . Recommended curing conditions suitable for a mixture of 100 parts by weight of DGEBA and nine parts by weight of hardener HY-951 is given in Table 3 . Prolonged curing time or increasing curing temperature gives better thermal stability; as a result, constant mechanical and electrical properties over a large range of temperatures are obtained. In the present investigation, all the molds were opened after 24 h of curing. 
Sample characterization
In the present investigation, SEM analysis has been done to diagnose the dispersion of CFF and crumb rubber particles in the resin. The images were obtained through microscopic investigation with LEO 435 V6. The gold coating was applied on the fractured surface to avoid artifacts associated with sample charging and then placed inside a chamber in which electron beams strike the material. The XRD measurements were conducted on BRUKER AXS, Model D8 ® advanced pad V θ-2θ goniometer with silicon Peltier detector, using the Cu radiation with a wavelength (λ) of 1.540562 Å, and the power settings were 30 mA and 30 kV. The diffraction pattern documentation was carried out in the scanning range of 5-100°with a step size of 0.02°and a scan rate of 0.5 degree/min. The tensile, compression and flexural tests were carried out on the 25 kN servo hydraulic universal testing machine (ASI Sales Pvt. Ltd., AMT-SC, 2008 Model), with a testing speed of 0.1 mm/min ( Figure 1 ). The digital Rockwell hardness testing machine on L scale was used to carry out the hardness test, while an Izod impact test was used to determine the impact energy. Figure 2 shows the whole experimental scenario. 
Results and discussion
This section deals with the results obtained from the morphological and mechanical tests with extensive discussion.
Field emission scanning electron microscopy (FE-SEM) analysis
FE-SEM finds its application in determining the size of micro to nano particles, thickness of material, elemental composition and uniformity in sample and construction details. A field-emission, as the name suggests, emits electrons from the cathode of electron gun of a scanning electron microscope. These electrons strike the sample surface and it is scanned by the electrons in a zig-zag pattern. Initially, the crumb rubber particles were diagnosed for their composition and particle size using FE-SEM technique. From Figure 3 and Table 4 , it can be observed that the highest peak is formed for carbon, indicating 83.36 wt% of carbon in the powder. Second highest wt% is of oxygen with 11.23 wt% and atomic percentage of 9.02%. The next element in the decreasing weight series is zinc with 2.59 wt% and an atomic percentage of 0.51%. Sulfur is present in the smallest percentage with 1.34 wt%, while Silicon is present in 1.48 wt%. The image in Figure  4 shows the scattered rubber particles. An emission from a cathode is taken in the form of five iterations and a mean is calculated to achieve the final weight percentage of the composite. Different results are obtained as the position of striking cathode gun keeps changing. 
Scanning electron microscopy (SEM) analysis
SEM is performed on the fractured surfaces of tensile test specimens; providing the morphological details at the microscopic level. SEM generates a high resolution image of the surface being scanned in micrographic view.
Here, the results of epoxy resin are compared with 0.5%, 1.0%, 1.5%, 2.0% and 2.5% filler wt% of composites.
Micrographs ware taken at a magnification of 100×, 500×, 1 k×, 2 k× and 5 k×. Figure 5 shows the micrograph of neat epoxy resin at 1 k× magnification. It can be observed that the surface texture is plain due to the absence of any filler particle in it. Figure 6 is representing 0.5% CR with 5.0% CFF in the matrix of epoxy resin. In this magnification of 100×, discontinuities in the fractured surface can be easily marked. While in contrast, Figure 7 of 1.0% CR and 5.0% CFF shows nearly perfect bonding between the barb and matrix as shown. The fracture is clear and in one direction. Moreover, the fractured surface is free from any internal and micro cracks. This is mainly because of the even distribution of rubber particles throughout the domain and no clustering or agglomeration of rubber particles can be seen, which implies that there is an optimum amount of rubber present in the specimen. Increasing its amount just above this critical limit leads to an agglomeration phenomenon at a particular site and formation of air bubbles that can be seen in Figure  8 - Figure 10 . Thus, increasing the amount of rubber particles above a certain limit leads to detrimental effect on interfacial bonding ability of CFF with matrix. 
Mechanical tests
Various mechanical tests namely the tensile test, compressive test, hardness test, impact test and flexural tests were done for various compositions of the composite fabricated with CFF as the reinforcing fiber and epoxy resin as the matrix for obtaining the optimum percentage of fiber at which enhanced mechanical properties were recorded.
Tensile test of CFF reinforced composite
On the basis of testing standard ASTM D638-14 [29] , the tensile test of neat epoxy resin was done; whereas, the other remaining samples were organized according to the standard ASTM D3039 [30] . The tensile properties of CFF filled epoxy resin composite material were determined by 25kN ASI made universal testing machine at a fixed crosshead speed of 0.1 mm/min under displacement control mode. The stress-strain diagram for a composite having different fiber wt% is shown in Figure 11 . From the results, it is clear that the addition of CFF into epoxy resin has a detrimental effect, as the ultimate tensile strength (UTS) is continuously decreasing with increase in wt% of CFF. The values of UTS and % elongation obtained after conducting the tensile test are tabulated in Table 5 . From Figure 11 , it is very clear that there is an inverse relation between the UTS of composite and % of fiber addition. The UTS of neat epoxy resin is 30.22 MPa and maximum obtained with different fiber fraction is at 1 wt%, which has reduced by 4.5%. This decrease in tensile strength proceeded with increasing further fiber addition in the composite. The justification for the decrement in tensile strength could be the poor strength of CFF itself, due to which when added into matrix reduce the UTS of the composite, thereby, failing to bear the load transferred by the matrix to them. Another reason is the irregular shape of fibers because of which the strength of the composite decreases as they are unable to support the stress transferred from the matrix [31] . So, it can be concluded that the addition of CFF into epoxy resin is unacceptable from a strength point of view. Despite the reduction of tensile strength with respect to neat epoxy, it can be used in applications where there is a lesser requirement of strength. Figure 12 shows the variation in modulus of elasticity with fiber wt%. The maximum modulus of elasticity is also observed at 1% CFF with a hike of 63% with respect to neat epoxy. This could be attributed due to the facts observed in SEM micrographs. 
Compression test of CFF reinforced composite
In brittle and fibrous materials, the compressive strength is noticeably diverse from the tensile strength. Therefore, it becomes very much essential to conduct the tension and compression tests individually. Sample configuration for the compression tests are arranged according to the standards ASTM D695-15 and ASTM D6641 [32] , [33] . The compressive stress-strain behavior is shown in Figure 13 . The compression test was carried out at a fixed crosshead speed of 0.1 mm/min under displacement control mode. From Table 6 , a remarkable difference can be noticed in the value of compressive strength with different wt% of CFF. The addition of CFF into epoxy has shown fair effect on the compressive strength. The maximum value is obtained at 1 wt%; thus, increased by 28.3%. Up to 5% loading, the strength has increased with reference to immaculate epoxy and beyond, which starts declining. The justification is that the fibers are randomly oriented in the composite; some are horizontally placed and some are vertical, on account of which when a compressive load is applied, the vertically placed fibers bear the load and start compressing and the other oriented fibers act as a barrier and restrict the deformation of the fiber, resulting in an increase in compressive strength. But at a higher percentage of fiber, the improper adhesiveness between the fiber and the matrix is noticed due to which the stress concentration comes into action and strength decreases. 
Hardness of CFF reinforced composite
For PMC, the ball indenter having the diameter 1/4 inches (6.35 mm) was selected as specified by the standard ASTM D785-08 and ASTM D4762-16 [34] , [35] . The hardness was taken at various points on the sample and the average value was calculated ( Table 7) . As observed from this table, the addition of fiber has a very negligible effect on hardness, as it is a surface phenomenon. At a higher % of CFF, a rough surface was achieved, which was machined to achieve a smoother surface. Furthermore, as the top surface feathers were exposed, the indentor directly came into contact with the feathers and the hardness in turn decreased. 
Impact test of CFF reinforced composite
In the impact test, the standard specimen geometry is specified by the ASTM D4762-16 and ASTM D256 standard [35] , [36] . The outcomes obtained by the Izod impact tests are tabulated in the Table 8 . Figure 14- Figure 16 shows the effect of CFF on impact energy, impact strength and energy/width, respectively. This property showed a positive sign after incorporating CFF into epoxy. It is visible that with increasing CFF percentage, impact strength increased and with further addition of fiber it started to decline. The maximum impact strength obtained at 5 wt% specimen increased by 50.5% with respect to neat epoxy, which is an appreciable increment. The major reason for this hike is the flexible nature of fibers. The fibers when added into the epoxy forms layers and absorbs energy just like fabrics. But, on further increase in fiber weight beyond 5 wt%, there is a problem associated with improper wetting of fibers due to their hydrophobic nature, resulting into poor bonding and formation of voids which acts as a stress concentrator and ultimately lowers the strength of the composite. Based on the above tests and their results, it is clear that the addition of CFF decreases the tensile strength. The CFF has a very negligible effect on hardness and the addition of CFF into epoxy showed promising results in impact test of composite; so, taking impact strength as the main objective to work upon and taking 5 wt% as the optimized concentration of fiber, CR was used as another reinforcement to further enhance these properties. The same mechanical tests were further conducted and the results are discussed.
Tensile test of hybrid composite
Tensile tests were performed for various filler percentages and graphs were plotted for the obtained readings. The mechanical properties obtained are summarized in Table 9 . Figure 17 shows the stress-strain behavior for various compositions of composite. From this figure, it is perceived that the maximum UTS is obtained at 1 wt% of filler content which has been increased by 26.65% with respect to neat epoxy, showing that adding particulate has a positive effect on the tensile strength. This increase in UTS is due to the particulate filling up the vacant positions or voids between the fiber and matrix, resulting in proper bonding between the two. A further addition of crumb rubber reduced the strength. The argument for the declination of strength after achieving maximum value could be the agglomeration of rubber at a higher % instead of filling the vacant position. Due to weak interfacial bonding between the matrix and filler, tensile stress transfer between them proceed at a very low rate leading to early failure of the specimen. From Figure 18 , it is clear that % elongation at 1 wt% of crumb rubber has reduced by 6.84%. As crumb rubber has carbon in it, its inclusion at higher percentage causes stiffness and hence reduces the % elongation. The modulus of elasticity is also obtained maximum at 1 wt% configuration, as shown in the Figure 19 . 
Compression test of hybrid composite
The compressive stress-strain curves for different wt% of CR are shown in the Figure 20 . The values of ultimate compressive strength obtained from the test are summarized in a tabular form as shown in the Table 10 . From this table, it is witnessed that the compressive strength is decreasing with the inclusion of rubber particles. This negative effect could be taking place as the rubber particles go into the voids between the resin and cause discontinuity, which leads to slipping action when a load is applied and, hence, decreases the strength. The compressive strength has been reduced by 28.2% for 0.5 wt% filler addition and beyond which it is continuously falling. 
Hardness test of hybrid composite
In composite material, reinforcing the weight fraction significantly affects the hardness value of the composite material. In this study, the hardness test has been conducted on an L scale on a digital Rockwell hardness testing machine. The various readings were taken and the averages of them are tabulated and shown in Table 11 . Figure 21 represents the relation between the hardness and percentage of crumb rubber. The same trend has been observed earlier with CFF filled epoxy resin. The addition of crumb rubber put negligible effect on the hardness. The small increase in hardness noticed due to the presence of carbon as diagnosed by FE-SEM; but, the hardness declines due to the coagulation persona of crumb rubber at higher percentage, owing to the fact that instead of filling the vacant sites of resin it started accumulating at a place, which in turn did not help in strengthening the bonding between the fiber and resin. 
Impact test of hybrid composite
The results obtained after impact testing are as shown in Table 12 . Figure 22 - Figure 24 show impact energy, impact energy/width and impact strength for various compositions of the composite, respectively. As improving the impact strength was the main focus of this investigation, it was further enhanced by doping with particulate, i.e. crumb rubber. It is clear from Figure 24 that adding crumb rubber has proved to be a significant choice for improving the impact strength of the composite. The maximum impact strength was obtained at 1% of particulate with an increment of 67.6% as compared to immaculate epoxy which is considered to be a significant outcome. The cause of this hike in impact strength could be rubber acting as a stress concentrator, creating shear yielding/crazing in the matrix. In addition, some of the rubber molecules might dissolve in epoxy resin leading to flexibility. Both toughness and flexibility effects could be operative, resulting in an increase of impact strength. The stress-strain diagram also shows the maximum impact strength at 1%, as toughness is measured by considering the area under the diagram and it is highest for 1%. At higher percentages of rubber, instead of going into the vacant position, it started accumulating at a particular place, because of which the strength decreased as the voids were not replaced by the foreign particles, keeping the voids as they are.
Flexural test of hybrid composite
The flexural test method followed the standard ASTM D790 and ASTM D7264 [37] , [38] . It can be observed that for all the samples under investigation, the flexural strength is greatest for the composition having 1 wt% of fiber (Table 13 ). Figure 25 and Figure 26 show the effect of different wt% of crumb rubber on flexural strength and flexural modulus, respectively. At 1 wt% CR, an increment of 23% on flexural strength has been noticed with respect to that of neat epoxy, which decreased with further addition of particulate beyond 1%. Similarly, a hike of 61.76% on flexural modulus was achieved at 1 wt% CR followed by a declining trend. 
X-Ray powder diffraction (XRD) analysis
XRD technique is used to determine the crystalline and amorphous structure of particles. The Table 14 shows the variation of interplanar spacing and legend angle as the wt% of crumb rubber was varied. Figure 27- Figure 32 show the XRD for the neat epoxy resin and samples for different wt% of CR. It can be easily analyzed that there is no sharp or intense peak visible which shows that there is no crystalline region in the sample. Almost the same nature has been obtained in all samples. However, the existence of the reflection band around 2θ = 20°, for almost all samples, having interplanar spacing of around 4.5 Å, clearly shows that the material may have amorphous phases in almost its entirety. 
Conclusions
The research reported consists of two parts: the first part has provided the description about the fabrication and study of mechanical properties of CFF reinforced epoxy composite. The second part has reported the ef-fect of crumb rubber into the optimized percentage of CFF composite determined earlier. This experimental investigation of CFF-CR filled epoxy hybrid composites has led to the following specific conclusions:
1. Successful fabrication of CFF filled epoxy hybrid composites by hand lay-up technique is possible.
2. Modifying matrix with the addition of crumb rubber as particulate has improved the toughness, flexural strength and impact strength to a great extent.
3. Incorporation of CFF and crumb rubber particle together in epoxy improved the tensile strength, which was earlier less than the neat epoxy resin.
4. The natural fibers used have waxes, impurities, and in this case, it was keratin stuck to its surface which reduced the bonding of fiber to the matrix or the fillers particles. When the fibers were surface treated, the surface became wax and dust free and turned rough which improved its bonding, leading to uplifted properties.
5. Through SEM, it was analyzed how the particles and fiber were dispersed in the matrix, their bonding to matrix and justified the mechanical test results.
Thus, it can be concluded that 1 wt% crumb rubber particle and 5 wt% treated CFF filled epoxy composite gave the optimum results amongst various combinations.
